Abstract Previous studies suggest that circulating 25(OH)D may favorably influence cardiorespiratory fitness and fat oxidation. However, these relationships have not been examined in older adult women of different ethnic groups. The objectives of this study were to determine whether serum 25(OH)D is related to cardiovascular fitness (VO 2 max) in sedentary women ages C60 years and to determine whether these associations differ between African Americans (AA) and European Americans (EA). A secondary aim was to determine whether serum 25(OH)D is correlated with respiratory quotient (RQ) during submaximal exercise. This cross-sectional analysis included 67 AA and EA women ages 60-74 years. VO 2 max was measured by a modified Bruce graded treadmill protocol, and measurements were adjusted for percent fat and lean body mass assessed by air displacement plethysmography. Indirect calorimetry was used to measure RQ at rest and during four submaximal exercise tests. Fasting blood samples were obtained to quantify serum 25(OH)D. Serum 25(OH)D was associated with VO 2 max (ml/kg LBM/min) independent of percent body fat (r = 0.316, p = 0.010). However, subgroup analysis revealed that this relationship was specific to AA (r = 0.727, p = 0.005 for AA; r = 0.064, p = 0.643 for EA). In all subjects combined, 25(OH)D was inversely correlated (p \ 0.01) with all measures of submaximal RQ. Higher serum 25(OH)D was associated with greater cardiorespiratory fitness in older adult AA women. Among both AA and EA, inverse associations between serum 25(OH)D and RQ suggest that women with higher levels of circulating vitamin D also demonstrated greater fat oxidation during submaximal exercise.
Introduction
It is well-known that circulating levels of 25(OH)D, the accepted biomarker for vitamin D status, decline with age [1, 2] . Decreased 25(OH)D with advancing age is concerning in light of numerous studies relating low 25(OH)D with impairments in vascular function [3, 4] and cardiovascular health [5] [6] [7] . Although associations between vitamin D status and physical function in older adults have also been reported [8] [9] [10] [11] , few studies have examined the relationship between circulating 25(OH)D and cardiorespiratory fitness. Maximal oxygen consumption (VO 2 max) is considered a gold standard for assessment of cardiorespiratory fitness [12] . Previous studies have reported positive associations between VO 2 max and serum 25(OH)D in younger adults [13, 14] and adolescent boys [15] , but whether VO 2 max is related to vitamin D status in older adult women is unknown. Like serum 25(OH)D, VO 2 max declines with age [16, 17] . Thus, it is of interest to determine whether the age-associated decrease in cardiorespiratory fitness may be related to concomitant decreases in circulating 25(OH)D.
Both circulating 25(OH)D [18, 19] and VO 2 max [20] [21] [22] are lower among African Americans (AA) compared to European Americans (EA). Although lower circulating 25(OH)D in AA has been associated with a greater prevalence of cardiovascular disease risk factors [23, 24] and vascular dysfunction [3, 25] , no previous studies among AA have examined the possible relationship between 25(OH)D and VO 2 max.
Aging is also associated with an increased accrual of fat mass [26] . Circulating 25(OH)D levels are lower among obese versus non-obese individuals [27] , and limited evidence suggests that vitamin D may affect fat oxidation [28, 29] and consequent weight gain [30, 31] . However, the relationship between serum 25(OH)D and substrate utilization during submaximal exercise has never been examined. Moreover, it is unknown whether ethnic differences exist in substrate oxidation and whether such differences may be related to vitamin D status.
In light of these gaps in the literature, the primary aims of this study were to examine whether serum 25(OH)D is associated with cardiorespiratory fitness in adult women ages 60 and older and to determine, whether these associations differ between AA and EA. A secondary aim was to determine whether serum 25(OH)D is related to respiratory quotient, an indicator of substrate utilization, during submaximal exercise.
Methods

Participants
Participants were 67 healthy women ages 60-74 years. All of the women were sedentary, defined by report of no regular exercise beyond once per week during the previous year. Participants were self-described as either AA or EA with both parents and grandparents of the same ethnic group. Exclusion criteria included smoking, abnormal electrocardiogram measures, cardiovascular disease, diabetes, thyroid dysfunction, or medications known to affect energy expenditure, glucose homeostasis, or heart rate. One hundred four women were originally recruited for this analysis, but inclusion was limited to those who met the criteria for attainment of maximal oxygen uptake as described below. All participants provided written consent, and the protocol was approved by the Institutional Review Board at the University of Alabama at Birmingham (UAB).
Assessment of cardiorespiratory function and respiratory quotient (RQ)
Maximal oxygen uptake (VO 2 max) was measured using a modified Bruce graded treadmill protocol [32, 33] . Oxygen consumption (VO 2 ) and carbon dioxide production (VCO 2 ) were measured continuously using an open-circuit metabolic cart (Model #2900; SensorMedics, Yorba Linda, CA). Heart rate was measured using a 12 lead electrocardiogram. Attainment of VO 2 max was defined by standard criteria [12] : heart rate within 90 % of the age-predicted maximum (220 -age), respiratory quotient (RQ) [1.1, and a plateauing of VO 2 (\1.0 ml/kg/min) increase in oxygen uptake with an increase in workload). Subjects met at least 2 out of 3 criteria. This protocol is known to produce highly reproducible measures of VO 2 max and is considered a robust measure of aerobic capacity and cardiorespiratory fitness in older adult women [33] .
On three consecutive mornings after an overnight fast, resting RQ was assessed by indirect calorimetry via an open-circuit metabolic cart (Delta Trac II; SensorMedics, Yorba Linda, CA) [34] . Measurements were obtained after a 15 min rest period in a supine position. VO 2 and VCO 2 were recorded each minute for 30 min. Final analysis excluded the first 10 min of testing. The averages of VO 2 and VCO 2 were calculated, and resting RQ was recorded as the ratio of VCO 2 /VO 2 .
RQ and VO 2 were also obtained during minute 4 of submaximal exercise tests. Submaximal tests included stair climbing (7'' step, 60 steps/min), walking on a treadmill at 3 mph at a 0 % grade, walking 3 mph at a 2.5 % grade, and walking 2 mph while carrying a box weighing 30 % of the participant's maximum isometric elbow flexion strength.
Measurement of body composition
Body composition was determined by whole-body air displacement plethysmography using the BOD POD Body Composition System (LIFE Measurement Instruments, Concord, CA). This method uses air displacement to determine body volume, and body volume is then used in standardized equations to calculate body density, percent fat, and lean body mass [35] . 
Measurement of vitamin D
Statistical analysis
Serum 25(OH)D was log10 transformed prior to analyses due to non-normal distribution. Differences between ethnic groups were determined by independent t tests. The MannWhitney U test was used to identify differences in age as this variable was non-normally distributed after log transformation. Associations between variables of interest were examined by simple Pearson correlations and by partial correlations with adjustments for percent fat and ethnic group. Statistical tests were performed using SPSS software version 21.0 (Chicago, IL 2012). All tests were twosided with a Type I error rate of 0.05. Table 1 displays participant characteristics as mean ± standard deviation (SD). AA and EA were similar in age and percent body fat. Consistent with previous studies [36, 37] , AA had significantly more lean body mass than EA. VO 2 max is expressed relative to body weight (ml/kg/min) and lean body mass (ml/kg LBM/min). Both VO 2 max and serum 25(OH)D were significantly lower in AA compared to EA. VO 2 max was positively associated with serum 25(OH)D even after adjustment for percent fat (Table 2) . After adjustment for ethnic group, however, correlations between VO 2 max and 25(OH)D were not significant (data not shown). Subgroup analysis revealed that the correlation between VO 2 max and 25(OH)D was specific to AA, i.e. significant (both unadjusted and adjusted for percent fat) for AA (Fig. 1a) but not EA (Fig. 1b) . Although serum 25(OH)D was not significantly correlated with resting RQ, inverse associations were observed between 25(OH)D and all measures of submaximal RQ. The associations remained significant after adjustment for VO 2 max, percent fat, and ethnic group (Table 3) .
Results
Discussion
Few studies have investigated the relationship between serum 25(OH)D and cardiorespiratory fitness. However, this relationship is particularly relevant to older adult women as cardiovascular disease is the leading cause of death in this population [38] , and both circulating 25(OH)D [1, 2] and cardiovascular fitness [16, 17] tend to decline with age. A novel observation of this study was the association between serum 25(OH)D and VO 2 max in AA specifically, independent of body composition. Vitamin D status also appeared to influence substrate oxidation, such that serum 25(OH)D was inversely correlated with all measures of RQ during submaximal exercise. These inverse associations were independent of ethnic group, body composition, and VO 2 max.
The first major finding of this study was the observation that AA women with higher serum 25(OH)D demonstrated greater cardiovascular fitness as measured by VO 2 max. Maximum oxygen consumption (VO 2 max) is considered a gold standard measure of cardiovascular endurance, signifying the body's ability to utilize oxygen at the tissue level [12] . Previous studies have reported associations between circulating 25(OH)D and VO 2 max in younger men and women [13, 14] and adolescent boys [15] . Similarly, positive associations have been reported between vitamin D status and other measures of cardiovascular fitness among a cohort of 1,320 women of average age 46 years [39] and patients with chronic kidney disease [40] . To our knowledge, this is the first study to examine ethnic differences in this relationship among older adult women specifically. By expressing VO 2 max as ml/kg LBM/min and adjusting for percent fat, we were able to account for differences in body composition among the women. Because all of the women were sedentary, it is also unlikely that habitual physical activity influenced the results. Consistent with previous reports [18] [19] [20] [21] [22] , AA women in this cohort had both lower circulating 25(OH)D and lower VO 2 max compared to EA, and the present results are suggestive that these two measures are interrelated.
Vitamin D insufficiency has repeatedly been associated with an increased risk for cardiovascular disease [5, 6, 41, 42] . Vitamin D receptors are widespread throughout the body and are present on vascular smooth muscle cells, endothelium, and cardiomyocytes [3, 6] . Accordingly, low levels of 25(OH)D have been correlated with arterial stiffness and worsened vascular endothelial function [3] . In a study of 45 EA and AA, men and women ages 18-50 years, serum 25(OH)D was correlated with multiple measures of vascular function, and the correlations were stronger among AA. AA in the study had more vascular dysfunction than EA, but ethnic differences were attenuated after adjustment for serum 25(OH)D [25] . Although speculative, it is plausible that the mechanism underlying the association between 25(OH)D and cardiorespiratory fitness may involve effects of vitamin D on endothelial function. Vitamin D receptors have also been identified in skeletal muscle cells [42, 43] . By binding to its intracellular receptor and acting as a transcription factor, vitamin D may regulate a variety of genes within muscle. It also appears to elicit more rapid nongenomic effects on skeletal muscle through cell-signaling cascades [42] [43] [44] . Although the exact effects of vitamin D on skeletal muscle have not been elucidated, vitamin D insufficiency has been associated with impaired skeletal muscle function [43, 45, 46] . Thus, vitamin D's effects on skeletal muscle function may in turn relate to its effects on VO 2 max. As observed in this study, population means for serum 25(OH)D are lower among AA compared to EA [47] . Perhaps improving vitamin D status, particularly among older AA women, could help to alleviate health disparities in cardiovascular disease risk [47, 48] .
Among participants of both ethnic groups, serum 25(OH)D was inversely related to various measures of submaximal RQ. RQ is the ratio of VCO 2 /VO 2 , and the [27] . However, it is also possible that vitamin D may favorably influence fat metabolism. Several weight loss interventions have reported enhanced weight loss with higher intakes of dairy foods [30] , and evidence suggests that increases in circulating 25(OH)D from increased dairy consumption may be partially responsible. Among 126 overweight men and women ages 40-65, increased dairy intake and consequent increases in serum 25(OH)D from baseline to month 6 were associated with greater weight loss [31] . In another cohort of 4,659 women ages 65 and older, higher blood levels of 25(OH)D at baseline were predictive of less weight gain over a 4.5 year follow-up [51] . Previous studies in mice also provide evidence for a role of vitamin D in fat oxidation [52, 53] .
This study was limited by its cross-sectional design and modest sample size, particularly among the AA group. In addition, because the dietary supplements were not considered, serum 25(OH)D is reflective of vitamin D from all sources. However, the study was strengthened by robust measures of body composition and cardiovascular fitness. Although the results may not be extrapolated to other groups as the cohort included only older adult women, this is a group highly likely to be affected by lower cardiovascular fitness and vitamin D insufficiency.
In conclusion, this cross-sectional analysis demonstrated that higher serum 25(OH)D was associated with greater cardiorespiratory fitness in healthy AA women ages 60 and older. Although these results suggest that greater cardiovascular fitness among EA compared to AA may be mediated in part by higher levels of 25(OH)D, future studies are needed to confirm underlying mechanisms and to determine whether improvement in vitamin D status may lead to improved cardiovascular fitness and decreased cardiovascular disease risk among AA. The observation that older adult women with higher serum 25(OH)D appear to experience greater fat oxidation during submaximal exercise also warrants further investigation to determine whether ensuring adequate vitamin D status along with exercise interventions may be a practical method to combat age-related weight gain.
